solution and were plated aseptically on Proteose medium. After 1 week of incubation at 27 °C in a growth chamber fixed to 18 h light (with a photon fluence rate of 100 µmol m -2 s -1
) and 6 h dark, colonies were isolated aseptically and observed under a light microscope (Nikon E 600).
Molecular analysis
Genomic DNA extractions from Chlorella samples were made by CTAB/NaCl miniprep method as explained in Temizkan and Arda (2004) . For extractions, 1 mL of fresh algal cultures (in Proteose medium) grown in a rotary incubator fixed at 120 rpm and 27 °C and growth chamber of 18 h light and 6 h dark, were used. Genomic DNA was stored at -20 °C prior to use.
Our samples were identified with nucleotide sequence phylogeny of small subunit of nuclear ribosomal DNA (18S rDNA) and small subunit of chloroplast ribosomal DNA (16S rDNA). Amplifications of 18S rDNA and 16S rDNA were made with primer sets NS1/NS3 (White et al., 1990) and fD1/rD1 (Weisburg et al., 1991) , respectively, under the PCR conditions stated in Table 1 . For all amplifications, 50 μL PCR mixtures were prepared as follows: template DNA <0.5 µg, 1.5 mM MgCl 2 , 1.25 U of Taq polymerase (Promega, Go-Taq Flexi DNA polymerase), 0.8 mM dNTP mix (Amresco), 1X PCR buffer (Promega, Go-Taq Green Buffer), 0.4 pmol of each primer in final concentration, and ddH 2 O. The PCR products were electrophoresed on 1% agarose gel (Amresco, Solon, OH, USA) prepared in 1X Tris-borate-EDTA (TBE) buffer. An MGW-Biotech thermal cycler was used for the amplifications in this study, and the electrophoresis gels (stained with ethidium bromide) were visualized with the GeneGenius Bio imaging system (Syngene, Synoptics Group, Cambridge, UK).
Nucleotide sequencing of 18S rDNA and 16S rDNA was performed commercially by Macrogen Inc. (Korea) with the same primers used for PCR amplifications. The SeqMan II software module of the LASERGENE 99 system (Applied Biosystems) was used to assemble nucleotide sequencings. Multiple nucleotide sequence alignments of our new haplotypes together with those obtained from GenBank (Table 2) were generated using ClustalX (Thompson et al., 1997) and optimized by hand with BioEdit (Hall, 1999) . To determine the most appropriate DNA substitution model for our data sets, the Akaike information criterion (AIC) (Akaika, 1974) and Bayesian information criterion (BIC) tests were applied with jModelTest v. 0.1 package program (Guindon and Gascuel, 2003; Posada, 2008) . To evaluate the phylogenetic relationships among isolates, neighborjoining (NJ) (Saitou and Nei, 1987) , maximum-parsimony (MP), and maximum-likelihood (ML) algorithms were used. NJ and MP analyses were performed with software program PAUP* v.4.0b10 (Swofford, 1998) , and ML was applied with PhyML 3.0 (Guindon and Gascuel, 2003) . The heuristic search approach was applied for the MP analyses using the TBR swapping algorithm with 10 random repetitions, and then strict consensus trees were generated from equally parsimonious trees. Bootstrap tests (Efron, 1982; Felsenstein, 1985) were performed with 10,000 pseudo replicates for NJ and 1000 pseudo replicates for the MP and ML trees.
All new sequences obtained in this study were deposited in the EMBL data bank under accession numbers KF981992-KF982000 (Table 2) .
Results

Morphology
All isolates examined with light microscopy ( Figure 1 ) were found to be spherical or subspherical. Chloroplasts were parietal, lobed, and contained a single pyrenoid in all of the isolates. In morphometric observations, cell diameters were 2-20 µm for A102, 3-20 µm for S705, 5-17 µm for S706, 5-16 µm for S707, and 3-20 µm for S708.
Phylogeny
Approximately 1100 bp of the 18S rDNA gene were sequenced for 5 chlorophyte samples obtained in the study. Phylogenetic analyses of our new 18S rDNA sequences together with those downloaded from GenBank (Table 2) were performed using 1059 aligned nucleotides with 217 Table 1 . PCR primers and protocols used in this study. fD1/rD1 (Weisburg et al., 1991) NS1/NS3 (White et al., 1990) Yamada, 1988. polymorphic sites. For our data set, the AIC and BIC tests suggested TrN+I+G (I: 0.561; G: 0.704) and TrNef+I+G (I: 0.561; G: 0.708) substitution models, respectively. In this study we considered the tree drawn with the TrNef+I+G model which showed the highest bootstrap values (Figure 2 other isolate S705 grouped with Heterochlorella luteoviridis with 94.9% nucleotide similarity, and this group was supported with 93%, 87%, and 95% bootstrap values in NJ, MP, and ML trees, respectively (Figure 2 ). Approximately 1200 bp of the chloroplast 16S rDNA gene for our Chlorophyta samples was sequenced. Phylogenetic analyses of our new 16S rDNA haplotypes together with those downloaded from GenBank (see Table  2 ) were performed using 946 aligned nucleotides with 158 polymorphic sites. For our data set, AIC and BIC tests suggested TIM3+I+G (I: 0.552; G: 0.783) and TPM3+G (G: 0.136) substitution models, respectively. The tree drawn with the TIM3+I+G substitution model was chosen for the study because it showed the highest bootstrap values (Figure 3) . MP analyses yielded 4 most parsimonious trees with 223 steps (CI: 0.857; RI: 0.893; and HI: 0.143). All 3 phylogenetic trees drawn with NJ, MP, and ML approaches showed the same topologies. Our samples S706, S707, and S708 formed a monophyletic group with Chlorella vulgaris isolates 211-11b (Beijerinck strain), C-27, and CCAP 211-1e, which were supported with relatively high bootstrap values in the NJ tree. The nucleotide sequence similarity within this lineage was between 99.8% and 99.5%. On the other hand, isolate A102 showed the same cp16S rDNA haplotype as Chlorella sorokiniana type strain 211-8k. C. sorokiniana lineage appeared as sister to C. vulgaris lineage with 98%, 99%, and 98% bootstrap values in the NJ, MP, and ML trees, respectively (Figure 3 ).
Discussion
To date, Chlorella species C. citriformis Snow, C. ellipsoidea Gerneck, C. longiseta Lemmerman, C. saccharophila, and C. vulgaris have been reported from freshwaters of Turkey using traditional methods such as microscopic observations of cellular morphology (Gönülol et al., 1996; Aysel, 2005) . The main problem with traditional methods is that they are not sufficient to distinguish the cryptic species of genus Chlorella. For instance, C. vulgaris and C. sorokiniana are morphologically very similar (both in shape and size) and could be only distinguished from the glucosamine content of the cell wall (Huss et al., 1999) or the phylogenetic analysis of several genes (Burja et al., 2001 ). Our morphological observations also supported this information. Unfortunately, this fact renders previously (Table 2) . Bootstrap values (>50%) for NJ, MP, and ML trees stated on the tree with the same order.
identified C. vulgaris isolates from Turkey doubtful. In this study, phylogenetic analysis of both cp16S rDNA and nuc 18S rDNA revealed that our isolates S706, S707, and S708 are clearly related to Chlorella vulgaris type strain SAG 211-11b (Beijerinck strain) and other C. vulgarisrelated isolates (211-1e and C-27) . From this perspective our isolates (S706, S707, and S708) can be considered the first true identified C. vulgaris isolates from Turkey. On the other hand, isolates A102 and S705 showed a close relationship with Chlorella sorokiniana and Heterochlorella luteoviridis species, respectively.
In conclusion, although previous studies concerning molecular identification of some algae from other Middle East countries (Attaran-Fariman and Javid, 2013; AttaranFariman and Bolch, 2014) are available, to the best of our knowledge, this preliminary study is the first phylogenetic investigation to determine the algal diversity of Anatolian freshwaters and contains the first reports for Chlorella sorokiniana and Heterochlorella luteoviridis species. In addition to these 2 new records, it also contains the first phylogenetically identified true Chlorella vulgaris isolates. However, many cryptic infra/intra-species remain unresolved, and more investigations are urgently needed in order to unravel the cryptic diversity present in Anatolian freshwaters. (Table 2) . Bootstrap values (>50%) for NJ, MP, and ML trees stated on the tree in the same order.
